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[57] ABSTRACT

The profile of the upper surface of the material being
processed in a blast furnace is determined by pulsing a

laser beam at the surface while incrementally changing

the angle of the emitter to the surface, along a predeter-
mined path, and sensing reflections of the beam using a
detector having a relatively small angle of view com-
pared with the area of the surface, the detector being
located a fixed distance from the emitter. Points along
the profile are calculated by triangulation, from the
emitting and detection angles, and the known distance
between the emitter and detector. In making the calcu-
lations, the amount that the emitting angle has changed
may be determined by finding the amount that the re-
flection of the beam has deviated from a datum location
on the detector. Ways of simplifying this calculation by
making first approximation assumptions are disclosed.

7 Claims, 11 Drawing Figures
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1
OPTICAL PROFILE MEASURING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

This imvention relates to a method for measuring a
surface profile of a material contained in a container by
use of a laser beam, more particularly, but not exclu-
sively, to a method for optical measurement of a top
surface profile of charges in a blast furnace.

2. Description of the Prior Art

In a blast furnace, coke and iron ore are alternately
poured from the furnace top into the furnace. There-
fore, the top surface of the charges in the furnace usu-
ally takes on a concave shape. The profile of the surface
1 very important in terms of the fuel consumed by the
furnace. This is particularly significant in view of the
need to conserve resources.

To control the top surface profile for the optimal fuel
consumption, precise measurement is essential. In such
measurement, remote control 1s necessary because of
the extremely high temperature and pressure inside the
furnace. |

There 1s known an optical surface profile meter for
measuring the top profile of charges in a blast furnace
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by the use of laser beams. The profile meter has a light

emitter and a light receiver. The light emitter issues
laser beams onto the top surface of the charge in the
blast furnace, and the light receiver receives the laser
beams refiected by the top surface of the charge. The
surface profile of the charge is determined from the
light emitting angles (projection angles) and light re-
cetving angles (reception angles) by triangulation.

The prior art used a light receiver with a large field of
view. Use of a light receiver with a large field of view
eliminated the need for a movable receiver since the
receiver could receive reflected light beams over a
large range of reflection angles while fixed in one posi-
tion. In other words, the receiver did not have to follow
or track changes in the reflection angles of the reflected
light beams. This is important in view of the technical
difficulties in achieving exact and simple tracking.

A light receiver having a large field of view, how-
ever, has the drawback of a low resolving power. The
low resolving power makes precise measurement of the
surface profile of a charge in a blast furnace next to
impossible. For example, if the resolving power per unit
field of view of light receiver with a large field is 1/100
of the total field, the overall resolving power is only
1/100 of the total field.

On the contrary, if the resolving power per unit field
of view of the receiver with a small field is 1/100 of the
total field, supposing its unit field is 1/10 of the total
field, overall resolving power would be 1/1000 of the
total field. -

Therefore, when a high resolving power is necessary,
e.g., when it is desired to precisely measure the profile
of the top surface of a charge in a blast furnace, a light
receiver having a small field of view must be used. Such
a receiver, however, has to be made to move in accor-
dance with the change of the reflection angles of the
light beams reflected from the top surface of the charge,
which is, as explained above, technically difficult. |

SUMMARY OF THE INVENTION

Accordingly, the primary object of the present inven-
tion is to provide an optical profile measuring method
utilizing a new, improved light receiver tracking system
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enabling quick and accurate measurement of, for exam-
ple, the profile of the top of a charge in a blast furnace.
To achieve the object of the invention as mentioned
above, according to one aspect of the present invention,
there is provided a method for measuring a surface
profile of a material contained in a container by use of
an optical detector (i.e., the light receiver) capable of
angular tracking and having a light receiver of a small
field of view, comprising a first step for detecting a first
potnt on the surface of the material, a second step for
detecting a second point on the surface of the material
adjacent to the first point thus detected, and a third step
for successively detecting succeeding n (n is a positive
integer more than 2) points (e.g., 20 points) on the sur-
face of the material by repeating the second step.
The first step comprises emitting a laser beam onto a

point on the surface of the material to be measured from

a predetermined light emitting position at a light emit-
ting angle a, detecting a light receiving angle 8 of a
laser beam which is reflected at the above-mentioned
point of the surface of the material and which is focused
onto a center of the small field of view of the light
recerver to form a beam spot, at a predetermined light
receiving position which is spaced at a distance L from

the light emitting position, by causing angular move-

ment of the receiver, and calculating the above-men-
tioned point as a known first point by triangulation from
the two angles aj and 8) and the distance L.

The second step comprises changing the light emit-
ting angle through a small angie into a3 so that the laser
beam 1s incident upon a second point on the surface of
the material adjacent to the first point, detecting devia-
tion of a beam spot of a laser beam which is reflected at
the second point formed on the light receiver, from the
center of the field of view, at which the beam spot of the
light beams reflected at the first point is formed, detect-
ing a light receiving angle 3> of the laser beam reflected
at the above-mentioned second point of the surface of
the material at the predetermined light receiving posi-
tion by the deviation, calculating the above-mentioned
second point as a known second point by triangulation
from the two angles a; and 87 and the distance L, and
moving the light receiver by a small angie AB equal to
(B2—p1) so that the beam spot of the light beams re-
flected at the second point comes into the center of field
of view of the light receiver.

In the succeeding step, the light emitting angle varies
by any small angle at one time.

According to another aspect of the present invention,
in the second step, the second point is as a first approxi-
mation assumed to be identical to an imaginary point
which 1s spaced from the first point at a predetermined
small distance in the horizontal and/or the vertical
direction, so that a preliminary value for the light re-
ceiving angle of the light beam reflected at the imagi-
nary point can be obtained. After the light emitting
angle 1s changed into aj, in the second step, the light
receiver 1S moved by a small angle AB’ so that the re-
cetving angle 1s 82’. The beam spot of a light beam
reflected at the imaginary point would come to a center
of field of view when the receiving angle is 85'. The
second point can be detected by deviation of the beam
spot of the beam reflected from the second point formed
on the light receiver, from the center of the field of
view of the receiver.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a blast furnace showing
how to measure the profile of the top of a charge
therein according to the present invention; S

FIG. 2 is a partially broken perspective view of an
actual arrangement of FIG. 1;

FIG. 3 is a diagram of a light transmitter shown in
FI1G. 2:

FIG. 4 is a diagram of a light receiver shown in FIG. 10
2;

FIG. 5 1s a schematic view showing a principle of
triangulation;

FIG. 6 1s a schematic view of a tracking method of a
light receiver in accordance with the movement of the 1°
hight beams reflected from the top surface of the charge
in the blast furnace according to the present invention;

FIG. 7 1s a view similar to FIG. 6, showing a field of
view of a light receiver, according to the present inven-
tion;

FIG. 8 is a schematic view for explaining how to
obtain a light receilving angle of a reflected beam by
deviation of a beam spot of the reflected beam from a
center of field of view;

FIGS. 9 and 10 are schematic views of different em-
bodiments of the tracking method of the light receiver
according to the present invention; and,

FIG. 11 i1s a photograph showing a experimental
result of a surface profile displayed on a monitor, ac-
cording to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIGS. 1 and 2, there is shown a 15
schematic view of an upper part of a blast furnace 10 to
which the invention is applied.

Coke and iron ore are alternately poured into the
blast furnace 10, resulting in a concave top surface of
the charge 12.

The profile of the top surface of the charge 12 is not
hmited to such a concave shape and may be, for exam-
ple, an M-shape or the like. The furnace body is made of
an iron furnace wall 11 and firebricks 15 provided in the
outer wall 11. An upper portion 13 of the furnace wall
11 1s conical. On the inclined upper portion 13 are pro-
vided diametrically opposed light emission window 14
and light receiving window 16. The opposed windows
14 and 16 are placed so that the distance between them
in the horizontal direction is L (FIG. 1).

Outside the furnace 10 is provided a light transmitter
30 having a giant pulse laser device 51 serving as a light
source which may be, for example, a yttrium-aluminum-
garnet (YAG) laser capable of producing giant pulses.

The transmitter 50 also has a laser oscillator 53 and a
transmitting scanner 55, as shown in FIG. 2. The laser
oscillator 53 and the transmitting scanner 55 are com-
bined 1nto one unit.

The laser 17 is transmitted into the scanner 55
through a mirror and lens assembly (collimator) 57
(FI1G. 3). The scanner uses, for example a rotating prism
19. The laser beam is reflected totally by the prism, and
1s transmitted into the blast furnace through the win-
dow 14. The scanner is driven by a stepping motor 59,
in a remote control manner, to fully scan the top surface
of the charge 12, and its angle is detected by a rotary
encoder (not shown). The transmitter 50 is, per se,
known.
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A hght receiver 70 has a receiving scanner 71, a re-
ceiving telescope 80, and a signal converter 75. The
scanner 71 and the telescope 80 are combined into one
unit and installed adjacent to the window 16. The re-
ceiver 70 is shown in FIG. 4.

The scanner 71 1s, for example, an aluminum-coated
mirror which can be rotated by a stepping motor 79.
The view angle of the receiver 70 is, for example, about
5.5%, but it covers all of the top surface of the charge 12
in a plane by the rotation of the scanner.

At the image plane 77 of the telescope 80, there is an
optical fiber bundle 76 which transmits light to a signal
convertor 73. The fiber bundle is segmented, for exam-
ple, into 32 channels.

The signal converter 75 has, for example, 32 photo-
multiphiers which are ultra-highly sensitive photodetec-
tors and 32 channels of high-speed analog-to-digital
(A/D) converter.

The high voltage supplied to the photomultipliers is
controlled by a system controlier 90. The output of the
photomultipliers is amplified and converted from an
analog signal to a digital one by the A/D converter, per
se known. B

In other words, the receiver is a 32-channel linear
array recetver with ultra-high sensitivity.

The system controller 90 has a minicomputer 93, and
a cathode ray tube (CRT) display 91. The minicom-
puter 93 controls the transmitter and the receiver, and
performs profile calculation. The CRT 91 graphically
displays the measured result. As shown in FIG. 5, when
a sharp laser beam is projected from the transmitter at
the transmitting position A onto the top surface of the
charge 12 through the window 14, the receiver on the
other side located in a vertical plane including the cor-
responding diameter of the furnace catches the spot of
light on the surface of the charge 12 at the receiving
position B. The light emitting angle of the light incident
upon the top surface of the charge 12 through the light
transmission window 14, with respect to the horizontal
direction 1s a, and the light receiving angle of the light
reflected from the top surface into the window 16, with
respect to the horizontal direction is 8. When the light
receiver occupies a correct angular position in which
the hight ray of the angle 8 comes into the center of the
field of view, a beam spot of the incident point on the
top surface of the charge 12 is focused and imaged at the
center of the field of view, i.e., at the center 78 (FIG. 4)
of optical fiber array. When the light emitting and re-
ceiving angles a and B at a light transmission position A
and the light receiving position B, and the distance L
between the two positions A and B are known, the
incident point P on the top surface of the charge 12 can
be obtained by triangulation.

In this case, the location of the illuminated point P is
calculated using the following equations.

sina - sinf3 (1)

" sin (@ + B)

Sin (o — Q!

sin (@ + B)

H=1L

~ L (2)
R-z -

where
a: the projection angle
(light emitting angle)
8: the reception angle
(light receiving angle)
L: the distance between the
two positions 4 and B
the verticle distance from

[rad]
[rad]
[m]
[m})
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-continued
a honizontal line connecting
the positions 4 and B
the radical distance from
a center of the furance

[m]

By successively changing the angle a of the incident
light through the light transmission window 14, the
profile of the top surface of the charge 12 can be de-
tected 1n a similar way by triangulation.

As mentioned before, in the prior art, a light receiver
having a large field of view was used. In the arrange-
ment shown in FIG. 1, the field of view had to cover
the diameter of the furnace 10, since the optical detector
was immovable. The diameter of the furnace 10 is usu-
ally, for example, around 6500 mm. Accordingly, if the
resolving power of the light receiver is 1/100, the reso-
lution Iimit thereof on a horizontal line is 65 mm, which
1s insufficient. On the other hand, when a receiver hav-
ing a small field of view is used, as in the present inven-
tion, assuming the field of view of the receiver is 1/10
the diameter of the furnace, the small field of view is
650 mm. If the resolving power is 1/100, the resolution
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hmit thereof on a horizontal line 1s 6.5 mm, far higher -

than the prior art.

There are many other advantages of the use of a
recetver with a small field of view. In case of a large
field of view, a large amount of signals has to be pro-
cessed to abstract or select effective light from that
received by the receiver. With a small field of view, the
amount of signals to be processed is considerably
smaller. Therefore, in view of signal processing, a small
field of view is more advantageous. This is particularly
true when correlation processes are necessary. In this
case, the small field of view is considerably advanta-
geous since the amount of signals to be processed in-
creases in proportion to square of the field of view.

Furthermore, in the case of a large field of view, the
optical detector (receiver) tends to receive or catch
scattered strong laser rays within the field of view.
Accordingly, it is necessary to make the dynamic range
of the optical detector 18 large, or the strength of sig-
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nals of the effective irregularly reflected light beams

17a relative to that of spurious signals of the scattered
light beams becomes small, resulting in a decreased
signal-noise (S/N) ratio. -

In addition to the above, a large field of view must
cover the entire top surface of the charge 12. However,
it is very difficult to carry out focusing commonly over
the entirety of the field. On the contrary, with a small
field of view, focusing can be effected for each individ-
ual field, even when a high speed lens, for example,
having an F number equal to 2 is used. Accordingly, the
optimum focal point can be obtained for each field.

As can be understood from the above description, the
adoption of an optical detector (light receiver) with a
small field of view 1s very advantageous. As stated
earlier, however, the tracking method has been techni-
cally difficult. The tracking method of the optical de-
tector according to the present invention will now be
discussed. |

The laser beam 17 can be made incident upon the top
surface of the charge 12 through the window 14 at any
light emitting angle a (e.g., a=90°) by moving the
scanner 19, as mentioned before. For clarification of the
explanation, now suppose that the laser beam is incident
upon the top surface of the charge 12 by the scanner 19,
which can rotate about the point A shown in FIG. 5,
and that the light receiver 70 is of small field of view
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and can rotate about the point B so as to effect angular
movement or tracking, for example, by a stepping mo-
tor. The angular tracking of the receiver 70 can be
effected by the rotation of the receiver itself about the
point B. Alternatively, when the receiver has therein a
light receiving mirror, such as the scanner mirror 71
(FIG. 4) for reflecting the light beams, the angular
tracking can be effected also by the angular movement
of the mirror about the point B. Since the profile of the
top surface of the charge 12 is unknown before the
detection is completed, a point P1 on the top surface
must be first detected. The light emitting angle of the
laser beam at the light transmitting point A is fixed to
a1 which is, for example, 90°, in FIG. 6. Then, the re-
ceiver 70 performs angular movement to scan the total
field of view (which corresponds to the diameter of the
furnace in the illustrated embodiment) at a constant
angular speed. When the optical fiber array catches, at
the center thereof which corresponds to the center of
field of view, the beam spot of the point Pj, the move-
ment or tracking of the receiver 70 (i.e., the scanner 71)
1s stopped. Thus, the light receiving angle 8; of the
reflected laser beam 174 at the light receiving point B is
calculated. The point P1 can be detected from the dis-
tance L between the two points A and B and the two
angles aj and B; by triangulation, as mentioned before.
After the point P1 is thus obtained, successive points
P2, P3, ..., Pn, on the top surface of the charge 12 are
detected. Theoretically, any point Pi (i is a positive
integer more than 1) on the top surface can be detected
by the same method as that for obtaining the first point
P1. This, however, would take a long time, as since the
receiver would have to scan the wide angle covering
the diameter of the furnace whenever detecting the
point Pi. Therefore, it is not practicable to detect the
point Pi by the same method as in the first point P1.
In order to detect a second point P> adjacent to the
first point Py, the light emitting angle a is changed by a
small angle Aa so that the light emitting angle « is a3

(Aa=ay—aj), by means of the scanner 19.

According to the first embodiment of the present
invention shown in FIG. 6, since Aa is a very small
value, the light receiving angle 8, of the beam reflected
from the point P2 can be assumed to be identical to that
(B1) of the beam reflected from the known point P1.

Namely, the second point P2 is temporarily assumed,
1.e. as a first approximation to be identical to an imagi-
nary point P’ which is located on a line connecting the
points A and P; and on a line connecting the points P
and B. Therefore, it is not yet necessary to change the
reception angle B at this state. However, the actual
point P2 on the top surface of the charge 12 is different
from the assumed point P2'. Accordingly, the beam spot
on the image plane 77 (FIG. 4) of the receiver 70 is
deviated from the center of the field of view. From this
deviation, the true light receiving angle 5 of the light
beam reflected from the point P2, which angle is
slightly different by the very small angle A8 from the
light receiving angle 81 of the light beam reflected from
the point P1 (and P2’), can be easily mathematically
given, by a well known optical principle shown in FIG.
8.

That 1s, in FIG. 8, when a beam spot of the point P;
formed on the image plane 77 (see also FIG. 4) is devi-
ated from the center 78 (see FIG. 4) of the image plane
by a deviation x, the angle AR is approximately given by
the following equation;
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AB=tan—1(x/f), wherein f is a focal length of a lens
1). Therefore, when the deviation x is known, the angle
32 can be obtained (82=081+AB). Then, from the two
angles a and £ and the distance L between the two
points A and B, the second point P2 can be detected.
After that, the scanner 71 is rotated by the small angle
A so that the beam spot of the second point P, comes
into the center of the field of view. Similarly, the suc-
cessive points P3, P4, . . . Pn can be detected by chang-
ing the projection angle a by Aa at one time. That is,
when the third point P3 adjacent to the second point P,
is detected, the reception angle B3 of the light beam
reflected from the third point P3is assumed to be identi-
cal to that of the light beams reflected from the second
point P2. Namely, the third point P3 is assumed to be
identical to an imaginary point P3’ which is located on
a line connecting the points A and P3 and on a line
connecting the points B and P;. The projection angle
a3 of the light beam incident on the third point P3 is
different from a; by the small angle Aa(Aa=a;—a3).

It should be noted that the variation in the projection
angle a at one time is commonly identical to Aa when-
ever the successive points P3, P3, P4, . . . Pn are de-
tected, in the embodiment shown in FIG. 6.
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With reference to FIG. 7, if the small field of view of 55

the receiver is designated by the angle vy and a small
angle variation of the light receiving angle 8 when the
hght emitting angle varies by a small variation Aa is
designated by AB, the small angle variation AS is pref-
erably selected by a reason which will be explained
hereinafter, so that it satisfies the foliowing relationship;

AB<y/4

It goes without saying that A8 and Aa must be deter-
mined taking into account the irregularity of the top
surface of the charge 12.

According to another embodiment of the present
invention, shown in FIG. 9, the second point P2 adja-
cent to the first point P1 is assumed to be a point P2’
which is identical to the first point P1 in the vertical
position and different from the first point P1 through d
in the horizontal direction. The light emitting angle o
is determined so that the laser beam 17 passes through
the point P2". In other words, the light emitting angle
a; is displaced by an value Aaj corresponding to the
horizontal distance d. In this embodiment, the horizon-
tal displacement d is always constant. When the second,
third, . . . n points Py, P3, . . . P, are detected. The light
receiving angle 3>’ is mathematically obtained by trian-
gulation, since the point P2’ is known, as similar to the
first embodiment. Then, the scanner 71 performs angu-
lar movement by a small angle (82’ —f;) so that the
light receiving angle becomes equal to 82'. This angular
movement can be effected within an extremely short
space of time, since the angle 83’ is previously known.

It should be noted here that the point P2’ is different
from the actual light illuminating point P2. Accord-
ingly, the beam spot of the beam reflected from the
point P2 is deviated from the center of the field of view.
From the deviation of the spot from the center of the
field of view, the true light receiving angle 82 can be
mathematically obtained, similar to the first embodi-
ment. From the two angles a; and 87 and the distance L
between the two points A and B, the point P2 can be
calculated by triangulation, as mentioned before.

The above-mentioned processes are repeated to cal-
culate the successive points P3, P4, . . ., Pn. That is,
after the detection of the second point P2, the light
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emitting angle a is displaced by the value Aaj corre-
sponding to the horizontal distance d so that the laser
beam 17 passes through the third point P3’ adjacent to
the second point P2. Before the detection of the third
point P3, the point P3 is assumed to be a point P3’ which
i1s identical to the point P2 in the vertical position and
which 1s spaced from the point P2 by the distance d in
the horizontal direction. After that, the light receiving
angle B3’ corresponding to the supposed point P3’ is
first obtained in the same way as that used for the sec-
ond assumed point P2'. The receiver causes the angular
movement so that the light receiving angle becomes
equal to 83'. Then, from the deviation of the beam spot
of the light beam reflected from the third point P3, from
the center of the field of view, a true light receiving
angle (3 corresponding to the third point P3 can be
obtained. Finally the third point P3 is calculated by
triangulation from the two angles a3 and 83 and the
distance L.

It will be appreciated that the variations Aaj, Aas. .
. are usually not identical to each other.

By the aforementioned detection method, all points
P2, P3, ..., Pn, can be calculated, so that the profile of
the top surface of the charge 12 can be determined.

It will be appreciated that if the field of view of the
recetver 1is supposed to be a circle having a diameter D,
the constant distance d preferably satisfies the following
relationship, similar to the case shown in FIG. 7
d<D/4. Of course, the distance d is determined taking
the degree of irregularity of the top surface of the
charge 12 into consideration. The distance d can be
minimized, because even if the distance d is as small as
possible, there is no possibility that the beam spot comes
out of the field of view, resulting in failure of angular
movement of the light receiver. However, when the
distance d 1s extremely small, measurement of the pro-
file takes a long time. On the contrary, if the distance d
is large, the beam spot may not fall within the field of
view, depending on the irregularity of the top surface of
the charge, thus resulting in failure of angular tracking
of the optical detector (light receiver). Even in failure,
however, any point on the top surface of the charge can
be calculated by the method the same as that used for
calculating the first point P1.

Alternatively, if the profile of the top surface of the
charge 12 1s generally known in advance, another de-
tecting method can be adopted in place of that which
assumes the point P2’ having the same vertical position
as the point P2. Namely, it is possible to assume a differ-
ent point Q2' which is closer to the point P2 than the
point P2’ as shown in FIG. 10. That is, the point Q2’ is
on the line connecting the two points A and P2 and is
closer to the point P2. It will be easily understood that
the error in the assumption of the point Q2' is smaller
than that of the point P2’

In the embodiment shown in FIG. 10, the variations
Aai’, Aay' . . . are usually different from each other.

According to the arrangement shown in FIG. 10, the
possibility of failure of angular tracking is considerably
small even when the distance d is larger in comparison
with the arrangement shown in FIG. 9. In other words,
the distance d can be increased without fear of failure of
the angular tracking, according to the arrangement
shown in FIG. 10.

Usually, 20 or 30 measuring points Py, P2, . .. Pygor
P30 1n a same vertical plane, which preferably includes
a diameter of the furnace, are calculated to measure the
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top surface profile of the charge in the blast furnace.
Furthermore, the measurements of the top surface pro-
file are repeated at a predetermined interval. Therefore
it 1s possible and preferable to use the results of the
directly preceding measurements as the generally and
previously known profile in the embodiment shown in
FIG. 10. Namely, the imaginary points Q;’, Q3' . .. are
located on the profile which has been determined by the
preceding set of detections and calculations.
FIG. 11 i1s a photograph showing an example of the
profile just after the charging of ore, displayed on the
CRT display 91 (FIG. 2). The vertical axis in the dis-
play shows the depth in mm units, and the horizontal
axis shows the location along the diameter. The dis-
tance between two adjacent horizontal lines is equiva-
lent to one meter. On the top horizontal line in the
display, there are some data, such as the kind of charge,
measurement starting time, measurement stopping time,
and equipment conditions. On the two bottom horizon-
tal lines, there are 33 pieces of numerical profile data in
Imm Units.
As can be seen from the above discussion, according
to the present invention, use of an optical detector hav-
ing a small field of view increases the resolving power
thereof and enables precise measurement of the profile
of the top surface of a charge in a blast furnace.
In particular, the invention is advantageously used
with a laser profile meter, since the drawbacks accom-
panied by the optical detector having a large field of
view as in the prior art and as mentioned before can be
eliminated.
Because all the devices are installed outside of the
blast furnace, the apparatus is not influenced by the
severe environment in the furnace, and is easy to main-
fain.
It should be noted that although the above discussion
was directed only to an increment of the small variation
of the light emitting angle a, the invention can be simi-
larly applied to a decrement thereof. Furthermore, ac-
cording to the invention, since the detection of the
successive points on the top surface of the charge can
start from the result of the preceding measurements, it is
not necessary to mathematically obtain the original
light emitting angle and light receiving angle used for
detecting the first point P1 after the detection of the
first point, resulting in quick and easy measurement of
the profile of the top surface of the charge.
We claim:
1. A method for measuring a profile of a surface of a
material contained in a container by use of an optical
detector capable of angular tracking and having a light
receiver of a small field of view relative to the area of
said surface, comprising:
a first set of steps for determining the location of a
first point on said surface of the material, compris-
Ing: |

emitting a laser beam pulse from a pulsing laser onto
a first point P on said surface of the material from
a predetermined light-emitting position at a light-
emitting angle a;,

detecting the light-receiving angle B8; of said laser
beam pulse as reflected from said point at a prede-
termined light-receiving position which is spaced
at a distance L from said light-emitting position, by
causing angular movement of an optical detector
which has a small field of view relative to the area
of said surface, until that optical detector catches,
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centrally of said small field of view thereof, a beam
spot of the light reflected from said first point, and

calculating the location of said point as a known first
point from the two angles a; and 8; and the dis-
tance L;

a second set of steps for determining the location of a
second point on said surface of the material adja-
cent to said first point, comprising:

changing the light-emitting angle of emission of said
laser beam through a small angle Aa, to ay, so that
a succeeding pulse of said laser beam is incident
upon a second point P; on the surface of the mate-
rial which point is adjacent to said first point P
along a predetermined path,

detecting the light-receiving angle B> of said laser
beam pulse as reflected from said second point so as
to form a beam spot on said optical detector at a
point that is deviated from the center of said small
field of view of said optical detector, at the prede-
termined light receiving position, and

calculating the location of said second point as a
known second point from the two angles az and 87
and the distance L: and

a set of succeeding steps for successively detecting
succeeding points along said path on the surface of
said material by repeating said second set of steps at
least once, each time in relation to a respective
previously-conducted said set of succeeding steps.

2. A method according to claim 1 wherein, as part of
conducting said second set of steps, for calculating the
location of said second point, the light receiving angle
of the beam reflected from the second point is as a first
approximation assumed to be identical to that of said
laser beam as reflected from said first point and further
comprising calculating the location of said second point
in part by measuring the amount of deviation of the
beam spot of said laser beam reflected from said second
point from the center of the field of view of said optical
detector.

3. A method according to claim 2, wherein the light
emitting angle varies by a same value AS at one time
every time the locations of said points following the
first point are calculated and the variation of the light
emitting angle starts from the light emitting angle used
in the respectively immediately preceding said set of
steps.

4. A method according to claim 1, wherein in the
course of calculating the location of said second point,
the light receiving angle of said laser beam reflected
from said second point is as a first approximation as-
sumned to be identical to that of said laser beam as re-
flected from a point which is spaced along said path
from said first point by a small distance d in the horizon-
tal direction and which is identical to the first point in
vertical position, and further comprising calculating the
location of said second point by measuring the deviation
of the beam spot of said laser beam reflected from said
second point from the center of the field of view of said
optical detector.

5. A method according to claim 4, wherein in the
course of calculating the locations of said points follow-
ing said second point, the light receiving angles of said
laser beam as reflected from the associated said points
are as a first approximations assumed to be identical to
those of said laser beam as reflected from points which
are spaced from the respective preceding said points
successively by intervals each having the same small
distance d in the horizontal direction and which are
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1dentical to the preceding points in vertical position,
and further comprising calculating the location of each
respective associated point by measuring the deviation
of the beam spots of said laser beam reflected from said

associated points from the center of the field of view of >

said optical detector.

6. A method according to claim 1, wherein in the
course of calculating the location of said second point,
the light recetving angle of said laser beam as reflected
from said second point as a first approximation assumed
to be i1dentical to that of said laser beam as reflected
from a point which is spaced from said first point by a
small distance d in the horizontal direction, and said
pomnts spaced a small distance d are points on a prede-
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termined general surface profile is very similar to the
actual surface profile being measured.

7. A method according to claim 1, wherein in the
course of calculating the locations of said points follow-
ing said second point, the light receiving angles of said
laser beam as reflected from the associated said points
are as first approximations assumed to be identical to
those of said laser beam as reflected from points which
are spaced from the respective preceding said points
successively by intervals each having the same small
distance d in the horizontal direction, and said points
spaced a small distance d are points on a predetermined
general surface profile i1s very similar to the actual sur-

face profile being measured.
* * x %
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